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MOTOR/GENERATOR WITH MULTIPLE ROTORS 



FIELD OF THE INVENTION 

This invention relates to a motor /generator provided with a plurahty of 
rotors. 

BACKGROUND OF THE INVENTION 

Tokkai-Hei-8-340663 published by the Japanese Patent Office in 1996 
discloses a motor /generator having one stator and two rotors. The stator and 
rotors are disposed co-axlally, one rotor being arranged on the inner side of 
the stator while the other rotor is disposed on the outer side of the stator. 

In this motor /generator, the stator is provided with an independent group 
of coils for each rotor. Two groups of coils respectively drive the rotors by 
producing two different rotating magnetic fields. 

SUMMARY OF THE INVENTION 

In order to supply power currents of different waveforms to the two groups 
of colls, the motor /generator has two Inverters. Accordingly, the construction 
of the motor /generator is complicated and the switching loss in the inverters 
is also large. Furthermore the overlapping disposition of the rotors on the 
inner and outer sides of the stator results in the stator requiring a cantilever 
support structure which has low structural stability. 
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It is therefore an object of this invention to reduce current loss of a 
motor /generator provided with a plurality of rotors. 

It is a further object of this invention to increase the stability of the 
support for the stator of a motor /generator provided with a plurality of rotors. 

In order to achieve the above objects, this invention provides a 
motor /generator comprising a first rotation shaft, a second rotation shaft, a 
first rotor, a second rotor, a stator and a current control device. 

The first rotor rotates with the first rotation shaft and has a first number 
of magnetic poles that form a first magnetic field. The second rotation shaft 
rotates relative to the first rotation shaft and Is supported co-axlally with the 
first rotation shaft. The second rotor rotates with the second rotation shaft 
and has a second number of magnetic poles that form a second magnetic field. 
The first number and the second number are different. The first rotor and the 
second rotor are disposed in series along the first rotation shaft. The stator 
comprises coils that generate a first rotating magnetic field in synchronism 
with the first magnetic field by application of a first alternating current, and 
generate a second rotating magnetic field in synchronism with the second 
magnetic field by application of a second alternating current. The current 
control device supplies a composite current comprising the first cilternating 
current and the second alternating current to the colls. 

This invention also provides a motor /generator comprising a first rotation 
shaft, a second rotation shaft, a first rotor, a second rotor, a first stator, a 
second stator and a current control device. 

The first rotor rotates with the first rotation shaft and has a first number 
of magnetic poles that form a first magnetic field. The second rotation shaft 
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rotates relative to the first rotation shaft. The second rotation shaft and the 
first rotation shaft have different rotation axes. The second rotor rotates with 
the second rotation shaft and has a second number of magnetic poles that 
form a second magnetic field. The first number and the second number are 
different. The first stator comprises a third number of first coils that generate 
a first rotating magnetic field in synchronism with the first magnetic field by 
application of a first alternating current. The second stator comprises a 
fourth number of second coils that generate a rotating magnetic field in 
synchronism with second magnetic field by application of a second alternating 
current. Herein, the third number Is equal to the fourth number. The current 
control device supplies a composite current comprising the first alternating 
current and the second alternating current to both the first colls and the 
second coils. 

The details as well as other features and advantages of this invention are 
set forth in the remainder of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitudinal sectional view of a motor /generator according to 
this invention. 

Fig. 2 is a cross- sectional view of the motor /generator along the line IIA — 
IIA and the line IIB ^IB in Fig. 1. 

Fig. 3 is a block diagram of a current control device for the motor /generator 
according to this invention. 
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Fig. 4 Is a longitudinal sectional view of a motor /generator according to a 
second embodiment of this invention. 

Fig. 5 is a cross -sectional view of the motor /generator according to the 
second embodiment of this invention taken along the line VA — VA and the 
line VB — VB in Fig. 4. 

Fig. 6 is a block diagram of a current control device for the motor /generator 
according to the second embodiment of this invention. 

Fig. 7 is similar to Fig. 6, but showing a third embodiment of this 
invention. 

Fig. 8 is a longitudinal sectional view of a motor /generator according to a 
fourth embodiment of this invention. 

Fig. 9 is a cross -sectional view of the motor /generator according to the 
fourth embodiment of this invention taken along the line IXA — IXA and the 
line IXB — IXB in Fig. 8. 

Fig. 10 is a longitudinal sectional view of a motor /generator according to 
a fifth embodiment of this invention. 

Fig. 11 is a cross-sectional view of the motor /generator according to the 
fifth embodiment of this invention taken along line XIA — XIA and the line XIB 
— XIB in Fig. 10. 

Fig. 12 is a longitudinal sectional view of a motor /generator according to 
a sixth embodiment of this invention. 

Fig. 13 is a cross-sectional view of the motor /generator according to a 
sixth embodiment of this invention taken along the line XIIIA — XIIIA and the 
line XIIIB — XIIIB in Fig. 12. 

Figs. 14A — 14D are schematic longitudinal sectional and cross -sectional 
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views of a motor /generator according to a seventh embodiment of this invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figs. 1 and 2, a motor /generator according to this invention 
Is provided with a stator 14, a first rotor 2 and a second rotor 3. 

The first rotor 2 is provided with a rotation shaft 4 and the second rotor 3 
is provided with a rotation shaft 5. The rotation shaft 4 has a cyhndrical 
shape and the rotation shaft 5 is fitted through the rotation shaft 4. The 
rotation shafts 4 and 5 are disposed co-axlally. The inner periphery of both 
ends of the rotation shaft 5 Is supported by the rotation shaft 4 through 
needle bearings 30A and 30B. The outer periphery of one end of the rotation 
shaft 4 is supported on the case 1 through a ball bearing 31. The outer 
periphery of one end of the rotation shaft 5, positioned opposite the ball 
bearing 31 , Is supported on the case 1 by a ball bearing 32. 

The first rotor 2 comprises six magnets 6. The second rotor comprises 
eight magnets 7. However the number of magnets of the first rotor 2 and the 
second rotor 3 is not limited to the above number. 

The stator 14 comprises twelve cores 11 which are disposed to cover the 
outer periphery of the first rotor 2 and the second rotor 3. Each core 11 is 
made of magnetic plate members laminated in the direction of the rotation 
shaft 5. A slot 15 is formed between adjacent cores 1 1 to provide a space for 
stator coils 1 6 that are wound on the cores 1 1 . 

The stator 14 is fitted inside the cylindrical case 1. Displacement of the 
cores 11 towards outer side Is prevented by the case 1. Retaining plates 18 
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parallel to the rotation shaft 5 are disposed between each core 1 1 . 

A total of twelve retaining plates 18 are disposed on a circumferential 
periphery. Ring grooves 23 and 24 which are formed on rings 21 and 22 are 
press fitted inside both ends of these retaining plates 18. 

The retaining plates both ends of which are thus retained by the ring 
rings 21 and 22 prevent the cores 11 from displacing to the inner side. The 
inner periphery of the cores 11 is also supported by a reinforcing ring 25 
disposed between the first rotor 2 and the second rotor 3. 

When assembled, the outer peripheral sections of adjacent cores 1 1 are in 
contact. On the other hand, the inner peripheral sections of the cores 11 
project inwardly independently with stator coils 16 wound onto the projecting 
portions. 

In this motor /generator, by supplying a first multi-phase alternating 
current having a phase difference of 90 degrees and a frequency determined by 
a required rotation speed of the first rotor 2, to the twelve stator coils 16, the 
stator 14 generates a first rotating magnetic field which has three pairs of 
magnetic poles and which sjmchronously rotates the first rotor 2 at the 
required rotation speed. 

On the other hand, by supplying a second multi-phase alternating current 
having a phase difference of 120 degrees and a frequency determined by a 
required rotation speed of the second rotor 3, to the twelve stator coils 16, the 
stator 14 generate a second rotating magnetic field which has four pairs of 
magnetic poles and synchronously rotates the second rotor 3. 

If a composite current of the first alternating current and the second 
alternating current is supplied to the twelve stator coils 16, the stator 14 
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simultaneously generates the first and second rotating magnetic fields which 
respectively rotate the first and second rotors 2, 3. 

The principle of this operation Is described in USPat. 6,049,152. 

Control of the current supplied to the motor will be described with 
reference to Fig. 3. 

The motor is provided with a battery 111, an inverter 112 and a control 
unit 1 15 in order to supply a composite alternating current to the stater colls 
16. The Inverter 112 may be obtained by expanding a normal three-phase 
bridge-tj^e inverter into twelve phase and is provided with twelve output 
terminals. Each output terminal is connected respectively with twelve stator 
colls 16. The end of each stator coil 16 is connected to a terminating point 
16A. 

The sum of the Instantaneous current at the terminating point 16A is 
always zero. 

The inverter 112 comprises twenty-four transistors and the same number 
of diodes, and a pulse width modulation (PWM) signal from the control unit 
1 15 is input to the base of each transistor. 

Signals are input into the control unit 115 from a rotation angle sensor 
113 detecting a rotation position of the first rotor 2 and a rotation angle 
sensor 1 14 detecting a rotation position of the second rotor 3. The rotation 
angle sensors 113 and 114 are formed by a rotary encoder or a resolver. The 
rotational torque required by the first rotor 2 and the second rotor 3 is input 
to the control unit 115 as a command signal. The control unit 115 outputs 
the PWM signals to the Inverter 112 based on the command signal and the 
rotational positions of the first rotor 2 and the second rotor 3. 

- 7 - 



Since this motor /generator drives the two rotors 2 and 3 with one inverter 
112 and one stator 14, it is possible to reduce the capacitance of the transistors 
in comparison with a motor /generator having two inverters and stators to 
drive two rotors. Reduced switching loss is attained as a result. 

This Invention may also be applied to a case where one of the first rotor 2 
and the second rotor 3 serves as a generator for generating power while the 
other rotor serves as a motor rotating by the generated power. In this case, a 
current corresponding to the difference of the motor driving current and the 
generated current is supplied to the stator coUs 16 from the inverter 112. 

This electric power management much Improves electrical efficiency of the 
motor /generator compared with the conventional electric power management 
in which power generated by a generator is once stored in a battery and a 
motor is driven by the power supplied from the battery. 

Furthermore, since the first rotor 2 and the second rotor 3 are disposed 
in series along the rotation shaft 5 and the stator 14 is disposed on an outer 
side of the rotors 2 and 3, the stator 14 can be firmly secured to the case 1. 

In addition, the first rotor 2 and the second rotor 3 are supported in a 
stable manner with respect to high velocity rotation since the needle bearings 
30A and 30B and the ball bearings 31 and 32 support both ends of the 
rotation shafts 4 and 5. 

Identical poles of the magnets of the rotors 2 and 3 are not opposed, so 
the demagnetization effect due to opposing identical poles does not occur. 
Therefore a deterioration in magnetic properties of the rotors 2, 3 can be 
prevented. 

A second embodiment of this Invention will be described with reference to 
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Figs. 4 —6. 

The motor /generator according to this embodiment differs from that of 
the first embodiment with respect to the structure of the stator 14. The stator 
14 is provided with twelve first cores 11 facing the first rotor 2 and twelve 
second cores 12 facing the second rotor 3. Stator coils 16A are wound on the 
first cores 11. Stator coils 16B are wound onto the second cores 12. A 
reinforcing ring 25 is disposed between the first cores 1 1 and the second cores 
1 2 so as to abut with the inner periphery of the retaining plates and prevent 
them from displacing towards the inner side. The reinforcing ring 25 also has 
the function of limiting displacement of the first cores 11 and the second 
cores 12 in the direction along the rotation shaft 5. 

Referring now to Fig. 6, a stator coil 16A and a stator coil 16B of the 
same phase are connected in parallel to one of the output terminals of the 
inverter 12. There are twelve pair of stator coils 16A and 16B respectively 
connected to the output terminals. The instantaneous current of a terminating 
point 16X of the stator coils 16A and that of a terminating point 16Y of the 
stator coils 16B are always zero. The other components of the second embodiment 
are identical to those of the first embodiment. 

This embodiment resembles two motor /generators arranged in an axial 
direction. However the first rotor 2 and the second rotor 3 are Independently 
driven by the single inverter 112 that supplies the composite alternating 
current to the stator coils 16A and 16B in the same manner as the first 
embodiment. 

This embodiment also realizes a desirable supporting structure for the 
stator 14, the first rotor 2 and the second rotor 3. 
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A third embodiment of this invention will be described with reference to 
Fig. 7. 

The disposition of the rotors and the stator in this embodiment is the 
same as the second embodiment. However the wiring of the stator coils 16A 
and 16B is different from that of the second embodiment. 

In this embodiment, the stator colls 16A and 16B of each phase are 
connected in series to each of the output terminals of the inverter 112. 
Therefore only the stator coil 16B is provided with a terminating point 16Y. In 
this embodiment, the instantaneous current of the terminating point 16Y of 
the stator colls 16B has a value of zero. Thus it is possible to rotate the first 
rotor 2 and the second rotor 3 independently with a stable supporting structure. 

A fourth embodiment of this invention will be described with reference to 
Figs. 8 and 9. 

In this embodiment, the stator 14 comprises twelve first cores 11, twelve 
second cores 12 and twelve third cores 13. The first cores 11 are disposed on 
an outer side of the first rotor 11. The second cores 12 are disposed on an 
outer side of the second rotor 3. The third cores 13 are disposed on an outer 
side of the first cores 11 and the second cores 12. The third core 13 of each 
phase electrically connects the first core 1 1 and the second core 12. The first 
and second cores 11 and 12 are made of magnetic plate members which are 
respectively laminated in the direction of the rotating shaft 4. 

Inward displacement of the first cores 11 and the second cores 12 is 
limited by the retaining plates 18 and the rings 21 and 22. The third cores 13 
are made of magnetic plates laminated in the direction of the periphery of the 
cyhndrical case 1 and are fitted respectively into the slots on the inner 
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periphery of the case which is made of a non-magnetic material. Displacement 
towards the outer side of the first cores 1 1 and the second cores 12 is limited 
by the abutment of the third cores 13 with first cores 11 and second cores 12 
of the same phase. Indentations 46 are respectively formed on an outer 
periphery of the first cores 11 and the second cores 12. A projection 47 fitting 
into the indentation 46 is formed on an inner periphery of the third cores 13. 
Thus displacement in the direction of the periphery of the first cores 11 and 
the second cores 12 is limited by the projection 47 fitting into the indentation 
46. 

A wall of the case 1 made of a non-magnetic material is interposed 
between adjacent third cores 13. 

In this embodiment, a magnetic flux is transmitted through the third 
cores 13 between first cores 11 and second cores 12 of the same phase. 

Therefore, leakage of magnetic flux between adjacent second cores 12 and 
adjacent first cores 11 must be suppressed to low levels. In other words, 
magnetic resistance between adjacent cores in a circumferential periphery 
should be much greater than the magnetic resistance passing through the 
third cores 13 between first cores 11 and second cores 12 of the same phase. 

This requirement is satisfied by, for example, providing a space between 
adjacent cores or sandwiching a non-magnetic member between adjacent cores. 
For the same reason, it is preferred that the retaining plates 18 is made of a 
non-magnetic material. 

Stator coils 16 are wound on the first cores 11. Coils are not wound on 
the second cores 12 and the third cores 13. 

In this motor /generator, it is possible to drive a first rotor 2 and the 
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second rotor 3 Independently with a single inverter by applying a composite 
alternating current to twelve stator coils 16. 

In this embodiment, the polarity of the inner periphery of the first cores 
11 is opposite to the polarity of the inner periphery of the second cores 12 of 
the same phase. This is due to the fact that the first cores 1 1 and the second 
cores 12 are electrically connected through the third cores 13. In contrast, in 
the second embodiment, the Inner periphery of cores 11 and 12 with the same 
phase has the same polarity. 

A plurality of first water jackets 40, second water jackets 41 and bolt 
holes 42 are formed approximately parallel to the rotating shaft 4 in the case 
I between the third cores 13. The stator colls 16 are heated by variations in 
the magnetic flux, but the motor /generator is easily cooled by passing a liquid 
coolant through the water jackets 40 and 41. 

The outer periphery of the third cores 13 is covered with a magnetic shield 
45 comprising a thin steel plate or a mesh plate. The shield 45 prevents 
leakage out of the case 1 of high frequency electromagnetic waves resulting 
from variations in magnetic flux Inside the case 1. 

The structure of the first rotor 2 and the second rotor 3 is the same as 
that described with reference to the first embodiment. However in this 
embodiment, ball bearings 44 and 45 are disposed between the rotating shaft 4 
and the rotating shaft 5 instead of the needle bearings 30A and 30B in the 
first embodiment. 

In this motor /generator, a reaction force is exerted on the stator 14 when 
It rotates the rotors 2 and 3. 

However, since the third cores 13 of the stator 14 are respectively fitted 
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into the slots of the case 1, the supporting structure of the stator 14 is very 
stable. 

Also, the bearings 31 and 32, 44 and 45 create a stable supporting 
structure for the first rotor 2 and the second rotor 3. 

A fifth embodiment of this invention will be described with reference to 
Figs. 10 and 11. 

In this embodiment, the structure of the stator 14 is different from that 
of the fourth embodiment. In this embodiment, the second cores 12 are 
replaced by projections formed on the third cores 13. The third cores 13 are 
made of magnetic plates laminated in the direction of the periphery of the 
cylindrical case 1 in the same manner as the fourth embodiment. Also, the 
third cores 13 are fitted into the slots of the case 1 . 

The same effect as that of the fourth embodiment is obtained in this 
embodiment while the structure of the stator 14 is simplified due to a fewer 
types of cores. 

A sixth embodiment of this invention will be described with reference to 
Figs. 12 and 13. 

In this embodiment, the stator 14, in the same manner as the second 
embodiment, is provided with twelve first cores 1 1 disposed on an outer side of 
the first rotor 2 and twelve second cores 12 which are disposed on an outer 
side of the second rotor 3. 

Stator coils 16A are wound on the first cores 11. Stator coils 16B are 
wound on the second cores 12. 

However, in contradistinction to the second embodiment, the third cores 
13 are provided on an outer side of the first cores 11 and the second cores 12 
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in the same manner as the fourth embodiment. In this embodiment, the first 
cores 11 and the second cores 12 of the same phase are electrically connected 
through the third cores 13. 

Thus in contrast to the second embodiment, the polarity of the inner 
periphery of the first cores 11 and the inner periphery of second cores 12 of the 
same phase is opposite. The direction of winding of the stator coils 16A and 
16B is preset not to interfere with this polarity characteristic. 

In this embodiment also, various preferable effects similar to those of the 
fourth embodiment are obtained. 

In all the first to sixth embodiments above, the first rotor 2 and the 
second rotor 3 are disposed along the rotation shaft 5 and the stator 14 is 
disposed on an outer side of the stators 2,3. As a result, the diameter of the 
motor /generator can be smaller than the motor /generator that disposes the 
rotors 3 and 4 and the stator 14 to overlap in a radial direction. 

A seventh embodiment of this invention will be described with reference 
to Figs. 14A — 14D. 

In the first-sixth embodiments, the first rotor 2 and the second rotor 3 
are disposed co-axially along the rotation shaft 5. The first rotor 2 and the 
second rotor 3 are accommodated In a single case 1 with the stator 14. 

In this embodiment, the rotating shaft 4 of the first rotor 2 and the 
rotating shaft 5 of the second rotor 3 are not disposed co-axially. The first 
rotor 2 is provided with a six-pole magnet 6 and the second rotor 3 is provided 
with an eight-pole magnet 7. A stator 14A creating a rotating magnetic field 
for the first rotor 2 and a stator 14B creating a rotating magnetic field for the 
second rotor 3 are separately provided . The stators 14A and 14B are respectively 
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provided with twelve coils 16A and 16B. The stator 14A and the first rotor 2 
are accommodated in a case lA. The stator 14B and the second rotor 3 are 
accommodated in a case IB. 

Coils 16A and 16B of the same phase are connected In series or in 
parallel to output terminals of an inverter which is formed in the same 
manner as that described in the first embodiment. 

In this embodiment, it Is possible to drive two motor /generator units that 
are substantially Independent from each other by a composite alternating 
current supplied from a single inverter. The only necessary condition for the 
motor /generators is that the number of poles of the first rotor 1 and that of 
the second rotor 3 are different while the number of coils 16A of the stator 
14A and the number of coils 16B of the stator 14B are the same. 

The contents of Tokugan Hei 11-273303, with a filing date of September 

27, 1999 in Japan, and Tokugan Hei 11 -274874, Avlth a filing date of September 

28, 1999 in Japan, are hereby incorporated by reference. 

Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described 
above will occur to those skilled in the art, in light of the above teachings. 

The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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WHAT IS CLAIMED IS: 



1. A motor /generator comprising: 

a first rotation shaft; 

a first rotor rotating with the first rotation shaft and having a first 
number of magnetic poles that form a first magnetic field; 

a second rotation shaft rotating relative to the first rotation shaft and 
supported co-axially with the first rotation shaft; 

a second rotor rotating with the second rotation shaft and having a 
second number of magnetic poles that form a second magnetic field, the first 
number and the second number being different, the first rotor and the second 
rotor being disposed in series along the first rotation shaft; 

a stator provided with coils that generate a first rotating magnetic field in 
synchronism with the first magnetic iield by application of a first alternating 
current, and generate a second rotating magnetic field in synchronism with 
the second magnetic field by application of a second alternating current; and 

a current control device that supplies a composite current comprising the 
first alternating current and the second alternating current to the coils. 

2. The motor /generator as defined in Claim 1, wherein the stator is disposed 
facing an outer periphery of the first rotor and the second rotor. 

3. The motor /generator as defined in Claim 2, wherein the stator is provided 
with a plurality of core units separated in a peripheral direction, each core 
unit is provided with a first core facing an outer periphery of the first rotor 
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and a second core facing an outer periphery of the second rotor and magnetically 
connected Avith the first core, and a magnetic resistance between adjacent core 
units is set to be greater than a magnetic resistance between the first core and 
the second core of the same core unit. 

4. The motor /generator as defined in Claim 3, wherein each core unit is 
further provided with a third core magnetically connecting the first core and 
the second core. 

5. The motor /generator as defined in Claim 4, wherein the first core comprises 
magnetic steel plates laminated in the direction of the first rotation shaft, the 
second core comprises magnetic steel plates laminated in the direction of the 
second rotation shaft, and the third core comprises magnetic steel plates 
laminated in the direction of a periphery of the stator. 

6. The motor /generator as defined in Claim 3, wherein the first core comprises 
magnetic steel plates laminated in the direction of the first rotation shaft,and 
the second core comprises magnetic steel plates laminated in the direction of 
a periphery of the stator. 

7. The motor /generator as defined in Claim 1, wherein each of the coils is 
wound on the first core of each core unit. 



8. The motor /generator as defined in Claim 7, wherein the motor /generator is 
further provided with coils each of which is wound on the second core of each 
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core unit. 



9. The motor /generator as defined in Claim 3, wherein the stator is 
accommodated in a case that has a passage of hquid coolant, and supported 
inward by the case. 

10. The motor /generator as defined in Claim 3, wherein the motor /generator 
comprises a magnetic shield surrounding an outer periphery of the stator. 

11. The motor /generator as defined in Claim 2, wherein the stator comprises 
a plurality of cores disposed adjacent to one another, each core is provided 
with an inner peripheral part and an outer peripheral part, the outer peripheral 
part being in contact with an outer peripheral part of an adjacent core, the 
inner peripheral part projecting inward, and each of the coils being wound on 
the inner peripheral part. 

12. The motor /generator as defined in Claim 1, wherein the stator is provided 
with a plurality of first cores facing an outer periphery of the first rotor euad an 
equal number of second cores facing an outer periphery of the second rotor, 
each of the first cores being provided with an inner peripheral part and an 
outer peripheral part, the outer peripheral part of the first core being in 
contact with an outer peripheral part of an adjacent first core, the inner 
peripheral part of the first core projecting inward, each of the second cores 
being provided with an inner peripheral part and an outer peripheral part, the 
outer peripheral part of the second core being in contact with an outer 
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peripheral part of an adjacent second core, the inner peripheral part of the 
second cores projecting inward, the colls comprising first coils each of which 
Is wound on the Inner peripheral part of the first core, and second coils each 
of which is wound on the inner peripheral part of the second core. 

13. The motor /generator as defined in Claim 12, wherein the first coils and 
the second coils are connected in parallel to the current control device. 

14. The motor /generator as defined in Claim 12, wherein the first coils and 
second coils are connected In series to the current control device. 

15. The motor /generator as defined in Claim I, wherein the first rotation 
shaft penetrates the second rotation shaft, and the second rotation shaft is 
supported by a plurality of bearings so as to be free to rotate relative to the 
first rotation shaft. 

16. The motor /generator as defined in Claim 15, wherein the motor /generator 
further comprises a case accommodating the stator, a bearing supporting the 
first rotation shaft on the case and a bearing supporting the second rotation 
shaft on the case. 

17. A motor /generator comprising: 

a first rotation shaft; 

a first rotor rotating with the first rotation shaft and having a first 
number of magnetic poles that form a first magnetic field; 
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a second rotation shaft rotating relative to the first rotation shaft, the 
second rotation shaft and the first rotation shaft having different rotation 
axes; 

a second rotor rotating with the second rotation shaft and having a 
second number of magnetic poles that form a second magnetic field, the first 
number and the second number being different; 

a first stator provided with a third number of first coils that generate a 
first rotating magnetic field In synchronism with the first magnetic field by 
application of a first alternating current; 

a second stator provided with a fourth number of second coils, the third 
number and the fourth number being equal, the second coils generating a 
rotating magnetic field in synchronism with second magnetic field by application 
of a second alternating current; and 

a current control device that supplies a composite current comprising the 
first alternating current and the second alternating current to the first colls 
and the second coils. 

18. The motor /generator as defined in Claim 17. wherein the first coils and 
the second colls are connected in series to the current control device. 

19. The motor /generator as defined in Claim 17, wherein the first coils and 
the second coils are connected in parallel to the current control device. 
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ABSTRACT 



A first rotor (2) rotating with the first rotation shaft (5) and having 
magnetic poles, and a second rotor (3) rotating with the second rotation shaft 
(4) and having a different number of magnetic poles to the first rotor (2) are 
provided. The first rotation shaft (5) and the second rotation shaft (4) are 
disposed co-axially and the first rotor (2) and the second rotor (3) are disposed 
in series in an axial direction. A stator (14) with a plurality of coils (16,16A,16B) 
is provided on an outer side of the first rotor (2) and the second rotor (3). The 
plurality of coils (16,16A,16B) generate a rotating magnetic field in s5aichronism 
with a magnetic field of the first rotor (2) due to the application of a first 
alternating current and generate a rotating magnetic field in synchronism 
with a magnetic field of the second rotor (3) due to the application of a second 
alternating current. The current control device (112, 115) drives the first and 
second rotors (2, 3) independently by supplj^g a composite current comprising 
the first alternating current and the second cdternating current to the coils 
(16,16A,16B). 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

name; 

THAT I believe I am the original, first, and sole inventor (if only one inventor is named 
below) or an original, first, and joint inventor {if plural inventors are named below or in an 
attached Declaration) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled 

MOTOR/GENERATOR WITH MULTIPLE ROTORS 



(Attorney Docket No. 040356/0316) 



the specification of which (check one) 

is attached hereto. 

X was filed on September 25, 2000 as United States Application 

Number or PCT International Application Number and was 

amended on (if applicable). 

THAT I do not know and do not believe that the same invention was ever known or 
used by others in the United States of America, or was patented or described in any printed 
publication in any country, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or on sale in the United 
States of America, for more than one year prior to the filing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign 
application was filed by me (us), or by my (our) legal representatives or assigns, more than 
twelve months (six months for design patents) prior to the filing date of this United States 
application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of 
the invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office ail 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 
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I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §1 19(a>-(d) 
or § 365(b) of any foreign application{s) for patent or inventor's certificate, or §365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate or of any PCT international application having a filing date before that of 
the application on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Date 


Priority 
Claimed? 


Certified 

Copy 
Attached? 


11-273303 


Japan 


27/September/1999 


Yes 




11-274874 


Japan 


28/September/1999 


Yes 















I HEREBY CLAIM the benefit under Title 35, United States Code § 1 19(e) of any United 
States provisional application{s) listed below. 



U.S. Provisional Applic: 



I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United 
States application(s), or § 365(c) of any PCT international application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, § 1 1 2, I acknowledge 
the duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Parent 
Filing Date 


Patent Number 



























I HEREBY APPOINT the following registered attorneys and agents of the law firm of 
FOLEY & LARDNER to have full power to prosecute this application and any continuations, 
divisions, reissues, and reexaminations thereof, to receive the patent, and to transact all 
business in the United States Patent and Trademark Office connected therewith: 



STEPHEN A. BENT 


Reg. 


No. 


29,768 


DAVID A. BLUMENTHAL 


Reg 


No. 


26,257 


BETH A. BURROUS 


Reg 


No. 


35,087 


ALAN 1. CANTOR 


Reg 


No. 


28,163 


WILLIAM T. ELLIS 


Reg 


No. 


26,874 


JOHN J. FELDHAUS 


Reg 


No. 


28,822 


PATRICIA D. GRANADOS 


Reg 


No. 


33,683 
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JOHN P. ISACSON 


Reg. 


No. 


33, 


,715 


MICHAEL D. KAMINSKI 


Reg. 


No. 


32, 


,904 


LYLE K. KIMMS 


Reg. 


No. 


34 


,079 


KENNETH E. KROSIN 


Reg. 


No. 


25, 


,735 


JOHNNY A. KUMAR 


Reg. 


No. 


34, 


,649 


GLENN LAW 


Reg. 


No. 


34, 


,371 


PETER G. MACK 


Reg. 


No. 


26, 


,001 


BRIAN J. MC NAMARA 


Reg. 


No. 


32, 


,789 


SYBIL MELOY 


Reg. 


No. 


22, 


,749 


RICHARD C. PEET 


Reg. 


No. 


35, 


,792 


GEORGE E. QUILLIN 


Reg. 


No. 


32 


,792 


COLIN G. SANDERCOCK 


Reg. 


No. 


31, 


,298 


BERNHARD D. SAXE 


Reg. 


No. 


28, 


,665 


CHARLES F. SCHILL 


Reg. 


No. 


27, 


,590 


RICHARD L. SCHWAAB 


Reg. 


No. 


25, 


,479 


ARTHUR SCHWARTZ 


Reg. 


No. 


22 


,115 


HAROLD C. WEGNER 


Reg. 


No. 


25, 


,258 



and I request that all correspondence be directed to: 



Richard L. Schwaab 

FOLEY & LARDNER 

Washington Harbour 

3000 K Street, N.W., Suite 500 

Washington, D.C. 20007-5109 

Telephone: (202) 672-5414 
Facsimile: (202) 672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me 
to prosecute this application do not personally represent me or my legal interests, but instead 
represent the interests of the legal owner(s) of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Name of first inventor Masaki NAKANO 

Residence Yokohama city, Kanagawa, JAPAN 

Citizenship 



Post Office Address 



Inventor's signature 
Date 



JAPAN 

2140-41, Kamiiida-cho, Izumi-ku, Yokohama city, 
Kanagawa, JAPAN 
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